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, $t$ $x(t)$ , ( )[t, $t+$
$T]$ .
$J= \varphi(x(Tt),t)+\int_{0}^{T}L(x(\tau,t),u(\tau t),t)d\tau$ (2)
, $x(\tau t)$ $x(0t)=x(t)$ $t+\tau$ , $u(\tau t)$
$t+\tau$ . , $L(x(\tau t), (\tau t),$ $t$)







(1), $x(t)$ $u(t)$ .
$J= \varphi(x(Tt),t)+\int_{0}^{T}L(x(\tau t), u(\tau,t),t)d\tau$
[ ] $;=f(x(\tau t), u(\tau t))$ (3)
[ ] $x(0t)=x(t)$
$x(\tau t)$ $u(\tau t)$ $(0\leq\tau\leq T)$




. , (3) $[tt+T]$ $\tau$ ,
$\Delta\tau=T/N$ $N$ .
$J= \varphi(x_{N}(t),t)+\sum_{i=0}^{N-1}L(x_{i}(t), u_{i}(t),$ $t$) $\Delta\tau$
[ ] $x_{i+1}(t)=x_{i}(t)+f(x_{i}(t),u_{i}(t))\Delta\tau$ (4)
[ ] $x_{0}(t)=x(t)$
$x_{t}(t)$ $u;(t)$ $(i=01\cdots N-1)$
, $x_{i}(t),u_{i}(t)$ , $x_{i}(t)=x(t+i\Delta\tau),$ $h(t)=u(t+i\Delta\tau)$ .
, $t$ $\Delta\tau$ ,
$t$ $\tau$ ,
$t$ . (4) ,
. , (4)





























, [3] . (5), (6) ,
$x(t)=x_{t},$ $z(t)=z_{t}$ ,
.
$J= \varphi(x(Tt), z(Tt),t)+\int_{0}^{T}L(x(\tau t),z(\tau t),u(\tau t),t)d\tau$ (7)
, $z$
, $x$ ,
. , $\epsilon$ , $z$
$\epsilon\downarrow 0$ .
. (6) $0$ $z$ 2
,
$\hat{z}:=h(\hat{x},\hat{u})$ (8)
. . (8) (5)
,
$\hat{x}=f(\hat{x},\hat{u})$ $:=f(\hat{x},h(\hat{x},\hat{u}))$ (9)




$\hat{u}(t+\tau)$ . $(0\leq\tau\leq T)$ . ,
$\hat{z}(t)$ $\hat{x}(t)$ , $t$) (8)
.
,







. , 2 $z,\hat{u}$ $u$ ,
$\eta;=z-\hat{z}$ $\nu:=u-\hat{u}$ (11)
, (5), (6) ,
$\hat{x}=f(\hat{x}\eta+h(\hat{x}\nu+\hat{u})),\nu+\hat{u})$ (12)
$\epsilon^{\dot{\eta}}=g(\hat{x},\eta+h(\hat{x},\nu+\hat{u})),\nu+\hat{u})-\epsilon\frac{\partial h}{\partial\hat{x}}\dot{\hat{x}}-\epsilon\frac{\partial h}{\partial\nu}\dot{\nu}$ (13)
. \mbox{\boldmath $\tau$}=\epsilon ( $\epsilon\downarrow 0$ , (12), (13)
$\frac{d\hat{x}}{d\zeta}=0$ (14)
$\underline{d^{\eta}}$
$=g(\hat{x}(t),\eta(\zeta)+h(\hat{x}(t), \nu(\eta)+\hat{u}(t)),$ $\nu(\eta)+\hat{u}(t))$ (15)
$d\zeta$





(11) (7) , $\eta$ $\nu$ .
$\overline{J}=\overline{\varphi}(\eta(Tt),t)+\int_{0}^{T}\overline{L}(\eta(\zeta,t),$ $\nu(\zeta,t),t)d\zeta$ (17)
, (16)
$\nu^{*}(\tau t),$ $(0\leq\tau\leq T)$ . $u\sim t$)
$u^{*}(t+\tau)=\hat{u}^{*}(t+\tau)+\nu(t+\tau)$ $(0\leq\tau\leq T)$ (18)
. , .






, $\Delta\tau_{l}$ =T/NN $N$
. ,
.
$J= \hat{\varphi}(x_{N}.(t),t)+\sum_{i=0}^{N-1}\hat{L}(\hat{x}_{i}(t),\hat{u}:(t),$ $t$ ) $\Delta\tau_{l}$
$\hat{x}_{i+1}(t)=\hat{x}_{t}(t)+\hat{f}(\hat{x}_{i}(t),\hat{\%}(t))\Delta\tau_{\iota}$
(19)










$[tt+\Delta\tau_{l}]$ $\Delta\tau_{f}=\Delta\sim/N_{f}$ N ,
. (16) ,





$A(t)= \frac{\partial^{g}}{\partial^{\eta}}|_{x=\hat{x}(t)}$ $B(t)= \frac{\partial^{g}}{\partial\nu}|_{x=\hat{x}(t)}$
$z=\hat{z}(t)$ $z=\hat{z}(t)$
$u=\hat{u}*(t)$ $u=\hat{u}(t)$





Step 1 $t$ (19) ,
$\{\hat{u}_{i}^{l}(t)\}_{i=0}^{N.-1}$ $\{\hat{x}_{1}^{*}(t)\}_{i=1}^{N}$ .
Step 2 (20) , $\{\nu_{1}^{*}(t)\}_{i=0}^{N_{f}-1}$
.
Step 3 $u(t)=\hat{u}_{0}^{*}(t)+\nu_{0}^{*}(t)$ .











$a\dot{x}_{1}$ $=3 \frac{x_{2}}{x_{1}}-5x_{1}+3u_{1}$ (21)
$\epsilon\dot{x}_{2}$ $=$ $-3x_{2}-0.8x_{1}x_{2}+u_{2}$ (22)
$J=(x^{*}-x(T))^{T}S_{f}(x^{*}-x(T))+ \int_{0}^{T}((x^{*}-x)^{T}Q(x^{r}-x)+(u^{2}-u)R(u^{*}-u))dt(23)$
$x_{0}=(0,0)$ , $x=[18.28,11.35]^{T},$ $u^{t}=[30,200]^{T}$
$a=1OO,$ $\epsilon=40$ . (23)
$S_{f}=(\begin{array}{ll}11 00 20\end{array}),$ $Q=(\begin{array}{ll}ll 00 20\end{array})$ $R=(\begin{array}{ll}6.7 00 l\end{array})$
. $T=20$ , $\Delta\tau_{l}=1$
$N_{l}=20$ . , , $\Delta\tau_{l}=1$ $N_{f}=100$
. , $\Delta\tau_{f}=0.01$ . , Pentlum42.$6GHz$ , 1GB,
Windows XP , Microsoft Visual $C++$ .
54
1\sim 4 . 1 $x_{1}$ , 2 $x_{2}$ ,
3 $u_{1}$ , 4 $u_{2}$ . conventional
$T=20,$ $N=2000$ , proposal
. , degenerate ,
. 2 , $\epsilon$ ,
,
degenerate $x_{2}$ ,
conventional . , proposal
conventional .
, $x_{2}$ ,
. conventional 5 .
, degenerate conventional gap $Os^{\sim}10s$ , . 5
, , 1/10
.
, , $T=20$ , $\Delta\tau=0.01$
, 1 006
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